Purpose Physical activity has been associated with reduced breast cancer risk, but studies of occupational activity have produced inconsistent results. The purpose of this study was to evaluate the relationship between occupational physical activity and breast cancer in a prospective study of women with a family history of breast cancer. Methods We studied breast cancer risk in 47,649 Sister Study participants with an occupational history. Information on occupational activity and breast cancer risk factors was collected during baseline interviews (2004)(2005)(2006)(2007) (2008) (2009). Physical activity at each job was self-reported and categorized as mostly sitting, sitting and standing equally, mostly standing, and active. Multivariable Cox proportional hazards regression was used to evaluate associations between lifetime occupational activity and incident breast cancer, after adjusting for established risk factors and recreational activity. Results During follow-up, a total of 1,798 breast cancer diagnoses were reported. Compared with women who did not spend any time in active jobs, women who spent a high proportion (C75 %) of their working years in active jobs had a reduced risk of breast cancer (HR 0.72; 95 % CI 0.52-0.98). Associations were strongest among overweight (HR 0.64; 95 % CI 0.42-0.98) and postmenopausal (HR 0.67; 95 % CI 0.45-0.98) women. Conclusions Occupational activity was associated with a reduced risk of breast cancer. Occupational activity is a domain of physical activity that should be further examined in studies of postmenopausal breast cancer risk. Additional research is necessary to better understand the mechanisms underlying the relationships between occupational activity, body size, and breast cancer.
Introduction
Physical activity is a modifiable risk factor for breast cancer. An inverse association between recreational physical activity and breast cancer has been well established in epidemiologic studies [1, 2] . It is not clear, however, if occupational physical activity reduces the risk of breast cancer. Epidemiologic case-control studies have produced inconsistent results. Some have reported that high levels of occupational physical activity are associated with a reduced risk of breast cancer [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , whereas others have found an opposite or non-significant effect [20] [21] [22] [23] [24] [25] [26] [27] [28] .
Few prospective studies have evaluated the association between occupational physical activity and breast cancer risk. Although a recent meta-analysis of seven studies reported a statistically significant inverse relationship between occupational activity and breast cancer risk [29] , not all prospective studies have shown such an association [30] [31] [32] [33] [34] .
The inconsistent results of previous studies may be due to variations in occupational physical activity assessment. The majority of studies of occupational activity and breast cancer risk have examined activity at one defined time period in an individual's occupational history. These studies have often characterized activity levels using job title information, which does not account for the variability in activity among women with the same job title or the variability in activity within a job title that may be associated with age or time period. Few prospective studies have examined the relationship between total lifetime occupational activity and breast cancer risk [30, 35] , and a limited number have evaluated breast cancer risk by menopausal status [36] or tumor subtypes [32, 37] , factors that may relate to disease etiology and prognosis. Therefore, in the present study, we examined lifetime occupational physical activity in relation to the incidence of breast cancer overall, by menopausal status and by estrogen receptor status among women in the Sister Study.
Methods

Study population
We analyzed data from the Sister Study, a prospective cohort study of environmental and genetic risk factors for breast cancer (www.sisterstudy.niehs.nih.gov, Data Release 2.0 (September 2013)). Briefly, between 2004 and 2009, the Sister Study enrolled 50,884 breast cancer-free women from the USA and Puerto Rico, aged 30-74 years with a sister who had breast cancer. Written informed consent was obtained and questionnaire data on potential risk factors for breast cancer was collected during baseline activities. The Internal Review Boards at the National Institute of Environmental Health Sciences and Copernicus Group approved the study.
For the purpose of this analysis, we excluded women who were diagnosed with breast cancer before baseline activities were completed (n = 94), a vanguard group of women who had completed a non-comparable version of the occupational questionnaire (n = 3,129), and women without an occupational history (n = 12). The analytical cohort was made up of 47,649 women who reported having worked at least one job outside of the home.
Occupational physical activity
At enrollment, participants completed a computer-assisted telephone interview in which they reported detailed information for each job held after the age of 18 years, including hours per week and total number of years worked. For each job, participants also were asked ''which of the following best describes your usual physical activity on the job?'' Possible responses were: (1) mostly sitting, with some standing and/or walking, (2) sitting and standing equally, (3) mostly standing with some walking, (4) continuous walking or other movements that increase your heart rate slightly, (5) heavy manual labor that causes sweating or increases your heart substantially, and (6) sporadic heavy manual labor. Because of small numbers, the latter three activity levels were collapsed to create one category (active). Thus, we present results for four response categories of physical activity intensity for each job: mostly sitting, sitting and standing equally, mostly standing, and active.
Follow-up
Participants were followed from baseline until breast cancer diagnosis, death, or end of follow-up. Participants completed brief annual health update questionnaires and more comprehensive follow-up questionnaires every two (first follow-up) or three (second follow-up) years. Throughout follow-up, a response rate above 92 % has been achieved. These self-or telephone-administered questionnaires were used to identify incident breast cancer diagnoses. When a participant reported breast cancer, we requested permission to obtain medical records from her physician. Medical records and pathology reports have been obtained from 81 % of participants with self-reported breast cancer to date. Because of high agreement between self-reports and medical records (99.5 %), we included self-reported cases in this analysis.
Statistical analysis
Multivariable-adjusted hazard ratios (HR) and 95 % confidence intervals (CI), with age as the timescale, were used to evaluate the association between occupational physical activity and breast cancer. Confounders that were associated with both occupational activity and breast cancer, but not in the causal pathway, were identified using a directed acyclic graph (DAG) and change-in-estimate approach [38] . Multivariable models were adjusted for race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, other), education level (\high school graduate/GED, high school graduate/GED, some college, college/post graduate), income (\$50,000, $50,000 to \$100,000, $100,000?), parity (nulliparous, 1, 2, 3? births), age at first term pregnancy (\21, 21 to \24, 24 to \28, 28? years), menopause status (premenopausal, postmenopausal), age at menopause (\45, 45-49, 50- Two approaches were used to explore the relationship between occupational physical activity and breast cancer. The first set of analyses estimated the risk for breast cancer (overall, premenopausal, and postmenopausal) associated with the following measures of lifetime occupational activity: (a) employment in an active job (ever/never), (b) total years of employment in active jobs, and (c) the proportion of employment years in active jobs. Hazard ratios for breast cancer were also estimated for estrogen receptor-positive and estrogen receptor-negative tumors separately.
A second set of analyses evaluated breast cancer risk in relation to the intensity of occupational physical activity in the workplace (active, mostly standing, sitting and standing equally, mostly sitting). Among women currently employed at baseline, we examined breast cancer risk as a function of the physical activity level at the longest held job (longest held job) and as a function of the physical activity level at the job currently held at baseline (current job). Statistical analysis was done with SAS statistical software package (version 9.4, SAS Institute, Cary, NC, USA).
Results
Of the 47,649 women who reported work outside of the home, 2,276 had missing activity or covariate data. This resulted in 45,373 Sister Study participants available for analyses. Characteristics of the participants by lifetime occupational physical activity status are presented in Table 1 . Approximately 26 % of the study population reported at least one active job in their lifetime, and the mean number of years worked in an active jobs was 10.5 (±8.6) years. The most commonly reported active jobs were Registered Nurses, Maids and Housekeeping Cleaners, and Retail Salespersons. At baseline, active women were more likely to be younger than women who never worked in an active job. Compared with never active women, active women reported lower levels of educational attainment and lower incomes. A higher proportion of active women (33 %) were obese at baseline than never active women (29 %), and active women were also more likely to have higher levels of recreational activity at baseline. More than half (51 %) of active women ever worked a night job, while only 22 % of never active women reported working at night.
A total of 1,798 cases of breast cancer were reported during follow-up (4.7 ± 1.6 years). Table 2 shows the risk for breast cancer associated with lifetime occupational physical activity. Among all study participants, women who reported at least one active job in their lifetime had a non-significant reduced risk of breast cancer (HR 0.91; 95 % CI 0.80, 1.03) compared with women who did not report active work. There was no association between the duration of years of active work and breast cancer (P trend = 0.31). When compared with women who had never worked in an active job, women who spent at least three-quarters of their work years in active jobs had a 28 % decreased risk of breast cancer (HR 0.72; 95 % CI 0.52, 0.98). Adjusting for total work years did not significantly change risk estimates.
Body mass index modified the relation between occupational physical activity and incident breast cancer (interaction p-values \ 0.10). Risk reductions were stronger among overweight women ( Table 2 ). The association between the proportion of years in active work and breast cancer was not significant in underweight and normal weight women. However, among those with a body mass index equal to or above 25, three-quarters or more of active work was significantly associated with a 36 % reduced risk of breast cancer (HR 0.64; 95 % CI 0.42, 0.98). Risk reductions were similar for women with waist circumferences greater than 80 cm (HR 0.64; 95 % CI 0.42, 0.98), and women with waist-to-hip ratios equal to or above 0.8 (HR 0.54; 95 % CI 0.33, 0.89) ( Table 3) .
A total of 1,363 (76 %) women were postmenopausal at the time of diagnosis (Table 4) . After adjusting for covariates, women who reported a history of at least one active job had a borderline reduced risk of postmenopausal breast cancer (HR 0.86; 95 % CI 0.74, 1.00) compared with women who never reported an active job. No significant trends were observed for the duration of employment (P trend = 0.34) or the proportion of work years (P trend = 0.74) in active jobs; however, women who reported three-quarters or more of work years in active jobs had a decreased risk of postmenopausal breast cancer (HR 0.67; 95 % CI 0.45, 0.98). Postmenopausal women who were overweight (BMI C 25) also had a reduced, albeit non-significant, risk of breast cancer (HR 0.63; 95 % CI 0.38, 1.03) (data not shown). Among premenopausal women, there were no significant reductions in risk associated with occupational activity. Table 5 displays results by estrogen receptor status. Of the 1,571 cases with known estrogen receptor status, 1,300 (83 %) were estrogen receptor-positive and 271 (17 %) were estrogen receptor-negative. Risk reductions were observed only for estrogen receptor-positive tumors. Approximately 66 % (n = 31,289) of the study population was currently employed at baseline. In this subgroup, the relationship between breast cancer risk and intensity of occupational physical activity at the longest held job and the job currently held at the baseline interview was evaluated (Table 6 ). For the longest held job, 11 % of the study population reported active work, 19 % reported mostly standing, 22 % reported sitting and standing equally at work and 48 % reported mostly sitting in the workplace (data not shown). Compared with women who reported mostly sitting, there were no significant associations between active work (HR 0.84; 95 % CI 0.66, 1.08), mostly standing at work (HR 0.96; 95 % CI 0.80, 1.15), or sitting and standing equally at work (HR 1.05; 95 % CI 0.89, 1.23) and breast cancer risk.
Among women currently employed at baseline, 9 % reported active work, 17 % reported mostly standing, 21 % reported sitting and standing equally, and 53 % reported mostly sitting in their current jobs (data not shown). While being active (HR 0.75; 95 % CI 0.58, 0.96) in the current job was associated with a reduced breast cancer, mostly standing (HR 0.93; 95 % CI 0.78, 1.11) and sitting and standing equally (HR 0.87; 95 % CI 0.74, 1.02) were not significantly associated with a reduced breast cancer risk (Table 4) . Risk reductions were strongest among women with less than 5 years of work in their current position, with active work associated with a 46 % (HR 0.54; 95 % CI 0.34, 0.86) decrease, and sitting and standing equally associated with a 31 % (HR 0.69; 95 % CI 0.53, 0.91) decrease in risk (Supplemental Table I ).
Discussion
We observed an overall reduced risk of breast cancer of borderline significance in women who reported having at least one active job in their lifetime. Women with three- quarters or more of their occupational history spent in active jobs had a significant 28 % reduced risk of breast cancer, even after adjusting for recreational physical activity. Breast cancer risk varied by body mass index, with the inverse association between occupational activity and breast cancer risk more pronounced in overweight women. Analysis by menopausal status showed that an occupational history of three-quarters or more of work years in active jobs was associated with a significantly decreased risk of postmenopausal breast cancer, but not premenopausal breast cancer. We did not observe any dose-response effects between duration of active work and breast cancer risk.
The Sister Study provided a unique opportunity to examine breast cancer risk in a higher-risk population, women with a family history of breast cancer. The inverse association between physical activity and breast cancer risk has generally been reported to be stronger among women without a family history [40] . Studies that evaluate the potentially modifying effect of family history on occupational activity and breast cancer have been rare. A population-based, case-control study of Netherlands residents did not observe any differences in breast cancer risk between women with a family history of breast cancer and women without a family history [23] . To the best of our knowledge, our study is the first to report significant associations between occupational physical activity and reduced breast cancer risk among women with a family history of breast cancer.
Our findings for high levels of occupational activity are consistent with previous case-control and cohort studies of lifetime occupational activity and breast cancer risk in a variety of populations [1, 29, 40] . Self-reported standing or walking was inversely associated (p \ 0.01) with breast cancer risk in a Chinese study of 1,459 cases and 1,556 controls [9] . A population-based Polish study with 2,176 cases and 2,326 controls found that heavy physical work, defined as the highest quartile of MET-h/week among the study population, was associated with a 40 % reduced risk of breast cancer [15] , and in a case-control study of 1,572 African women, a significant inverse trend (p \ 0.0001) between increasing categories of occupational MET-h/day and breast cancer risk was observed [19] .
In our study, lifetime (ever/never) physical activity was associated with a risk reduction (10 %) that was similar to the results of a recent meta-analysis of prospective studies consisting of a total of 28,368 breast cancer cases (RR = 0.90) [29] . The analysis included a Chinese cohort study of 73,049 women with 717 cases of breast cancer diagnosed during 13 years of follow-up. Chinese women in the highest quartile of occupational energy had a significantly reduced risk (0.73, P trend = 0.04) of breast cancer compared with women who did not spend time in a high energy expenditure job [41] . A Finnish cancer registry study, with 17,986 incident breast cancer cases and 24 years of follow-up, reported a significantly reduced incidence ratio (SIR = 0.79) for women who reported performing heavy tasks for most of the workday [42] , and higher self-reported levels of activity were associated with a reduced risk (p = 0.004) of breast cancer in a Norwegian study of 25,624 women with 14 years of follow-up [43] . Our study adds to the current literature by examining the association between occupational activity and breast cancer in several subgroups of women. Similar to results for studies of leisure-time physical activity [1, 29, 40] , we found that the risk reductions associated with occupational activity were stronger among postmenopausal women. We know of only one other prospective study that evaluated the relationship between occupational activity and breast cancer risk by menopausal status. The multinational European Prospective Investigation into Cancer and Nutrition (EPIC) reported that the association between occupational activity and overall breast cancer risk did not differ by menopausal status [36] . However, when results were stratified by age at diagnosis (age \50 years vs. age C50 years), inverse risks for invasive [32] and in situ [44] tumors were stronger, but not significant, among women diagnosed at age 50 or older. The EPIC study is also the only other prospective cohort that has evaluated breast cancer risk by body mass index. There were no significant differences in the association between self-reported occupational activity and breast cancer risk among BMI subgroups in the EPIC cohort [44] .
The biological mechanisms by which physical activity might influence breast cancer risk have not been well characterized. Potential mechanisms include reduced adiposity, reduced levels of estrogen, reduced inflammation, changes in insulin-like and other growth factors, and altered immune function [40, 45, 46] . In our study, women who worked in active jobs for more than three-quarters of their occupational history had a significantly reduced risk of breast cancer, and overweight women had a 46 % risk reduction associated with the highest proportion of active work. Obesity has been associated with elevated levels of estradiol and reduced levels of sex hormone-binding globulin [47, 48] , a protein that binds estrogens and androgens and reduces the bioavailability of estrogen; however, several studies have shown that, even after adjusting for circulating estrogens, the association between body mass and postmenopausal breast cancer remains significant [49, 50] . In lieu of the increased circulation and bioavailability of estrogens as a potential mechanism for breast cancer in overweight women, our findings indicate that physical activity may influence breast cancer risk through factors other than reduced adiposity.
Our physical activity measures are potential study limitations. Although questionnaires with work index/activity scores (i.e., sitting, standing, walking, heavy labor) have been shown to be reliable [51] and valid [52] instruments for physical activity assessment, occupational activity was self-reported, and there were no data available on the intensity, frequency, or duration of activity in each job. In contrast to most previous studies of occupational activity [40] , there was no dose-response relationship between occupational activity and breast cancer risk. This difference could be due to imprecise estimates of occupational energy expenditure. For leisure-time activity, we used a validated series of activity questions [39] to calculate total weekly energy expenditures in metabolic equivalents-hours (MET-h/week). We did not collect information on leisuretime physical activity before the baseline assessment period other than during childhood. As a result, we were limited in our ability to assess the impact of total lifetime leisure-time activity on occupational activity-related breast cancer risk.
High levels of occupational activity may be associated with healthy behaviors and preventive factors that reduce breast cancer risk. However, after adjusting for factors such as caloric intake, recent leisure-time activity, and adult weight change, the association between high lifetime A strength of our analysis is that the Sister Study collected data on physical activity at each job reported by a participant. This detailed information allowed us to examine breast cancer risk associated with several metrics of activity and not limit our investigation to physical activity at just one job or at just one point in time. For example, when we excluded women who were not in the workforce at baseline, we found that the risk reduction associated with active work in their longest held job was not significant. In contrast, when we examined the relationship between occupational activity at their current job and breast cancer risk, we observed a much stronger risk reduction in breast cancer risk for women who were active, suggesting that recent activity in the workplace may have more influence on breast cancer risk than past activities. The strongest reductions were among women in active jobs for less than 5 years, and although we do not have an explanation for this inverse dose-effect, we cannot exclude the potential for misclassification associated with poor recall or changes in work activities that may have occurred over time.
Additional strengths of our study include the large number of participants and the detailed data available on established risk factors for breast cancer, including reproductive and lifestyle factors. We were able to evaluate breast cancer risk in several subgroups such as menopausal status and body mass index categories. Finally, the prospective design of our study minimized the biases associated with participant self-reporting that often occurs in retrospective and case-control studies.
Our findings suggest that high levels of occupational activity may reduce the risk of breast cancer in overweight women and in postmenopausal women. Given the fact that obesity influences both the development and progression of breast cancer in older women, further investigations, with more detailed measures of physical activity, are necessary to clarify the manner in which occupational activity and body size influence breast cancer risk.
